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Weather Note 

VISUAL OBSERVATIONS BENEATH A DEVELOPING TORNADO 

RALPH J. DONALDSON, JR., AND WILLIAM E. LAMKlN 

Weather Radar Field Station, A i r  Force Cambridge Research Laboratories, Sudbury, Mass. 

We had the remarkable esperience of viewing a devel- 
oping tornado funnel as i t  passed nearly overliead. Our 
location mas a radar site about one-half mile enst of Tinker 
Field, 0kl;ilioma City, Okla.; bhe time, about 1620 CST, 

May 26, 1963. 
The e d i e s t  report of tlie funnel was given by the 

Tinker Field wetither observer, 2 miles west-northwest of 
our location, a t  1616 CST. H e  estimated the funnel base 
to extend clomn to 1600 ft. above the ground. 

A few ruinutcs after our observation, a t  1627 csr, moving 
pictures of the funnel cloud were taken by Mal. Jmies 
F. Church, also of AFCRL, from a point 5 miles or more 
to its west. Because of the great distance and the Yery 
poor contrast between the dark clouds forming the back- 
ground and tlie slightly darker funnel cloud, detail was 
alniost entirely lacking. However, the movies show 
cle:irl~7 that the funnel was x ery broad, with an apex nngle 
of about SO", and the tip had not yet reached the ground. 
The funnel asis wns not quite rerticul, tilting about 10" 
to\ \ -ud ~ l i c  north from bottom to top. 

The movies by Maj. Church show tlie funnel ctist of 
our locntion, but probably a mile or so west of the etirliest 
seT-ere cliimage, which occurred very near 1630 CST. 

There was no damage a t  our location. Minor dtimage 
to trees started 1.5 mi. east of our site, and major torniidic 
devastation occurred along a path 3.5 to 7.5 mi. east of 
our  loctition. 

Figure 1 is a riidar photograph of the storm as i t  wiis 
observed by WSR-57 radar within a minute or two of our 
visual observiition of tlie tornado. This radar picture was 
taken from tlie U.S. Weather Bureau Radar Labortitory a t  
Norman, Okln., about 11 n .  mi. south of our observing 
site. J t  sliows n hook echo, which is sometimes observed 
in associiition with tornadoes, protruding from thc right 
renr (or south\n~est) side of the storm. The antenna 
beam mns elevated 2.5". Most of the echo power was 
returned from the cone defined by the half-power beam 
width of 2",  or from a layer 1800 to 4100 ft. above the 
ground a t  :I range of 11 mi. The tornado which we 
sighted was located near the eastern edge of the hook echo, 
and towircl its southern extremity. 

We first noticed the rotating funnel cloud as we were 
driving toward the radar site. It appeared to be located a 

short distance east of tt region of pronounced, nearly 
spherical, mammata protruding downward from an 
indistinct cloud base. Figure 2 s h o ~ s  the relationship of 
the tornado to these clouds, with our observing position, 
X, and tornado location, 0, given a subscript 1. From 
position XI we could see a relatively clear space to the 
south and we could see the eastern edge of the ~ i i ~ s ~ a l l y  
well-developed mamniata behind the tornado, and extending 
considerably less than a mile south of it. Also, the 
marnniata had been noted previously when we were 2 
miles north of the tornado triLck. However, we were 
unable to observe t81ie greiitest estent of the inrtmmata 
region to the north and west of tlic tornrtdo. Although 
our vision was not obscured by any helivy precipitation 
falling beneath the m:tmIn:itii, ;it least near the eastern 
edge, we cannot state whether or not some indiscernible 
precipitation (light rain or h d )  \nis falling there or 
whether heavier precipitation mas falling farther to the 
west and north. We did not look toward the east of 
position XI, so we cannot s tn t c  wl111t  clouds were in that 
area. 

A comparison of figures 1 and 2 rc\.eals 11 general corre- 
spondence between the hook echo and the area of niam- 
mntiform cloud base. 

The best obserrations of the structural detail of the 
funnel were made from position S2, with the developing 
tornado a t  0, passing slightly to the north. However, 
tlie menacing appearance of the I-otnting cloud mass pre- 
vented us from noting or remembering any significant 
fetbtures of the surrounding clouds. We did observe, 
Iiowever, that there was no precipitation, iind that surface 
winds were quite strong from tlie southwest, estiniitted by 
both of us to be in the neighborhood of 50 to 70 kt. For a 
period of perhaps one-half to one minute one of us (WEL) 
was engaged, with difficulty, i n  trying to gtLiii iidniittance 
to tlie sturdily-built radar operations building, since we 
feared the imminent appenrnnce of dangerously destructive 
minds a t  the ground. Meanwhile, the other (RJD) 
divided his attention between tinsious concern for survival 
and fascinated observtition of the developing tornado. 
We had no camera or other instruments available. There- 
fore, quantitative aspects of the observations cannot be 
stated with any greater certninty thzin R factor of two, 
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FICCRE 1.-Radarscope photograph of tornadic thuiidcrstorm echo 
a t  time of visual obscrvation of developing tornado, a t  location 
ttiarkcd "S". Aiitetina elevation is 2.3 O, aiid receiver sciisiti\-ity 
is rcduccd I S  dh.  below ma\imuin. This photograph was taken 
on the PPI (plan view) scope of thc WSR-57 radar a t  Norman, 
Okla., operatcd by the U.S. Weathcr Bureau Radar Laboratory, 
a i i r l  was furtiislied by courtesy of Mr. C. F. Van Thnllenar. 
IXrcctor, National Severe Storms Project. 

dthough we are confident of the general qua1it:itii-e 
picture. 

'I'he tornado funnel WRS viewed approximately end-on 
(dong the axis of rotation) as i t  passed slightly to the 
north of our position. It consisted of a circular area of 
dwk clouds projecting downward from a background of 
lighter clouds. Since the funnel was nearly overhead i t  
was not possible to determine whether i t  was cylindrical 
or a truncated cone. 

The outer boundiiry of the funnel was smooth, unbroken, 
and definitely circular in cross section. However, there 
was no well-defined inner wall and no visible e\-idence of A 

hollow space inside the funnel. Tnstead, the region inside 
the solid outer boundary was filled with a patchy cloud 
structure, similiw to scud fragments. ' h e  pnttern of 
pLtcIiiness did not hare circular symmetry and i t  seemed 
to change rapidly, as if there were extreme turbulence 
moviiig the patches about relative to one tinother, as 
well as generation of some new cloud fragments and de- 
struction of some others. Superimposed on d l  this tur- 
bulerit activity, howel-er, was ai very regular clockwise 
(seen from below) or cyclonic rotational motion of the 
whole funnel, which appeared to hare constant angular 
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FIGURE 5.-Estimatcd positions of developing tortiado (0, and 02) 
observed from positions SI aiid S2, respectively, separated by 
about one minute. T h e  hatchcd arca is the approximate location 
of a region of pronounced maintnata observed from position Si 
which trailed behiiid the funnel cloud a short distance and to its 
north. The ragged edge of the hatchcd arca indicates uncertainty 
about the masittirim westward aird northward cstciit of the 
manimata region. 

velocity throughout except near the center where tur- 
bulent motions masked tlie rotation. No lightning or 
luminous glow was seen. There was no roar. The only 
sound me heard was the whistling of the surface gales. 

Rough estimates mere made of certain funnel char- 
izcteristics. These we judged to be trustwortliy within 
the stated limits: 

(1) The rotstionnl period was 2 to 4 sec. 
( 2 )  The angu1:rr diwieter subtended by the funnel was 

somewhere between 10" and 20". 
(3) The height of tlie funnel cloud above the ground mas 

between 500 and 2000 f t .  This dimension wris especially 
difficult to estimate; furthermore, the cloud friigments 
toward the center of the funnel qpenred to be lower tlittn 
the periphery. 
(4) The impression of solid rotation was stroiig in all 

parts of the funnel except in :in area near the center which 
litid IL radius of about 0.1 to  0.3 of the funnel mdius, in 
which the rotntiond component w i ~ s  obscured by the 
turbulent motions. 

Tlle mean of these estimates implies a funnel ditmeter 
o f  330 ft,. and peripheral speed of rotation of 20.5 kt. 
'I'liesc tire within tlie range of cspected values, but no 
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better accuracy than a factor of two is implied. Turbulent 
motions of a random direction superimposed on a steady 
rotational velocity of the same magnitude or less would 
present a confusing appearance. Since the cloud motions 
were confused in the central core of the funnel, out to an 
estimated average fractional radius of 20 percent, the best 
guess for the mean magnitude of the turbulent’ component 
of velocity is 40 kt. 

A sudden drop in surface atmospheric pressure also 
accompanied the funnel cloud. Just before entering the 
radar operations building we observed, through a window 
in the closed door, many fine particles like insulating 
material flying about inside the building. We believe 
that these particles were separated from the interior 
walls and ceiling of the building by an intense atmospheric 
pressure gradient. The strong southwest winds were still 
blowing a t  this time. Also, we learned later that many 
steel plates (approximately 40 in. x 24 in. x % in.) covering 
the exterior cable ducts were popped off, presumably by 
sudden pressure drop because only the thin edge is exposed 

to the wind. According to hearsay evidence, the latter 
event also occurred during high southwest winds, several 
seconds before a short period of calm, which was followed 
in turn by strong winds from the northwest. Unfor- 
tunately, no barometric or wind measurements were 
available. However, the two bits of evidence indicate the 
occurrence of a maximum pressure gradient at  least a 
few seconds before the wind calmed. 

In summary, the most striking features of our observa- 
tion, which we also believe to be most reliable, are: (1) the 
location of the tornado a short distance east of pronounced 
mammata; (2) approximately constant angular velocity 
of cloud fragments throughout the funnel in combination 
with violent turbulent motions which were, however, 
considerably less than peripheral funnel speed; and (3) 
high surface winds continuing for at  least several seconds 
after the occurrence of a sharp maximum in the gradient 
of falling at.mospheric pressure. 
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Weather Note 

UNUSUAL TORNADO PHOTOGRAPHS 
W A L T E R  H. HOECKER, JR. 

U.S. Weather Bureau, Washington, D.C. 

I n  years past, the obtaining of a photograph of a tor- 
nado in action was a rather rare event. In  more recent 
times, individual tornado photographs became more 
commonplace and sequential pictures of a tornado be- 
came the prized item. At  present, as a result of the 
increased population and the universal popularity of 
amateur photography, multiple serial photographs of 
single tornadoes are not uncommon, a t  least in meteoro- 
logical research circles. Currently, particular phases of 
the tornado sequence become the rare photograph. 

The beginning tornado has rarely been photographed 
simply because the photographer, amateur or professional, 
has not known whether or not a tornado was going to 
develop from a storm or, generally, from what part of 
the storm it might come. Two very unusual beginning 
tornado pictures recently came to the attention of the 
writer. They were taken in color by Mr. C. Y. Byrd, 
111, of Tampa, Fla., on July 28, 1963, and were submitted 
by Mr. L. M. Dye, of the Weather Bureau Office a t  
Tampa. 

These photographs (figs. la,  b) are shown in the order 

in which they appear to have been taken. The central 
lobe and circular cloud bands definitely suggest rotation 
of the cloud system. The degree of ellipticity, assuming 
that the bands were truly circular, suggests that the for- 
mation was nearly overhead when the initial photograph 
was taken. Mr. Dye describes the event, as follows, in a 
letter sent with the pictures: 

“The storm from which this tornado developed was moving 
westward across the land area of the City of Tampa known as 
Palm Ceia, which is a stiip of land between Hillsborough Bay and 
Old Tampa Bay. The funnel cloud had not touched the ground 
when the pictures were taken. .Just before the pictures were taken 
the sun was shining. The funnel cloud touched the ground shortly 
after the pictures were taken and traveled in a northeast-southwest 
line toward the southwest. Rain began shortly after he took the 
pictures and prevented Mr. Byrd from seeing the tornado. The 
rain a t  Mr. Byrd’s home lasted only 3-4 minutes. He stated tha t  
the main part of the storm was north of him. From a survey 
made, the damage consisted of 2 roofs damaged on houses; a few 
trees down, some falling on cars; and some damage to  an outdoor 
laundry. Total damage was estimated to be $10,000.’’ 

[Received January 16, 13641 


